The concept that doing something to "vent" aggression as a method of reducing aggressive feelings and behaviors, such as watching media violence or playing violent video games, continues to enjoy widespread public support despite a lack of empirical support. This article describes the historical origins of the concept and examines how well these conceptions fit with the modern usage of the aggression catharsis hypothesis. It is argued that there are four primary flaws with the catharsis hypothesis. First, the metaphor underlying Freud, Breuer, and Lorenz's conception of aggression is flawed. Aggression is not a drive. Second, although Aristotle did use the term catharsis with relation to violent media (plays and poetry), he did not mean that viewing media violence can purge the viewer of aggressive feelings or behaviors. Furthermore, he describes several detailed requirements of plot and character that must be followed if his type of catharsis is to be achieved, and modern media violence does not meet these requirements. Third, the empirical support is not only lacking, a large empirical base contradicts the catharsis hypothesis. This is seen both in studies attempting to demonstrate catharsis directly and in the broader media violence literature. Fourth, human neuroscience contradicts the catharsis hypothesis. Learning is not hindered by viewing something one more time-it is improved. Taken together, it appears that there is no possible way that the aggression catharsis hypothesis can be accurate. It nevertheless continues to "feel" correct at a phenomenological level, and the reasons for this are discussed.
Introduction
There have now been hundreds of studies of the effect of media violence on viewers, and over a dozen meta-analyses of these studies. All of these meta-analyses, including those of the critics, tend to find almost identical results [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . That is, they consistently find a small to moderate effect of media violence on aggressive thoughts, feelings, and behaviors. This empirical consistency has led several prominent public health organizations (e.g., the American Medical Association, the American Academy of Pediatrics, two U.S. Surgeons General, the American Psychological Association, the International Society for Research on Aggression, among others) to conclude that media violence is one causal risk factor for aggression. Nonetheless, despite this general consensus within the public health community, there is still a common belief that playing violent video games or watching violent TV/movies allows people to "vent" their aggressive inclinations and therefore behave less aggressively after playing/watching. This is known as the aggression catharsis hypothesis.
The aggression catharsis hypothesis is an elegant idea, and it has a long history-first being described by Aristotle, and then adapted by Freud for use in psychology. It is important, however, to note that there are several different uses of the term "catharsis" in modern psychology [17] . This article focuses specifically on the idea that "venting" aggression through exposure to media violence will reduce the risk of later aggressive behavior. It is important to note that we are not discussing therapeutic catharsis, in which allowing oneself to feel and express one's feelings helps to maintain mental health. This clinical focus on the beneficial effects of expressing one's emotions in a therapeutic context, thereby allowing oneself to avoid or resolve potential conflicts, has received empirical support [18] [19] [20] . This therapeutic use has sometimes included the idea of expressing aggression via a proxy, such as hitting a pillow to release the anger. Although not without controversy, there is some empirical support for the conception of catharsis as applied to the classic description of the frustration-aggression hypothesis [21] . When frustrated or provoked, aggression is primed and some aggressive response is given which reduces the aggressive feelings. Retaliating against a provoking agent can reduce aggressive feelings and subsequent aggressive actions [22] . Note that this conception-that revenge allows one to feel better-is distinctly different from the aggression catharsis hypothesis, that viewing others' aggression (either in person or via the media) would reduce viewers' aggressive feelings and behaviors. In contrast to the clinical and the vengeance conceptions, there has not been any strong evidence that aggression catharsis occurs. The goal of this article is to consider why the data do not seem to support the aggression catharsis hypothesis.
Before discussing the aggression catharsis hypothesis in detail, however, it is important to note some critical differences between these three conceptions of catharsis, as well as one important similarity. For both the clinical and vengeance models of catharsis, what brings about catharsis (a reduction in negative feelings) is an action on the part of the person. In contrast, the aggression catharsis hypothesis alleges that someone else's action drains the viewer of his or her aggressive feelings. A second difference is that for both the clinical and vengeance models, the cathartic moment should happen at some point after the actor has already experienced the negative feelings. In contrast, the aggression catharsis hypothesis makes no assumption about whether the viewer is already feeling aggressive, but hypothesizes that viewing others' aggression might first arouse and then vent the viewer's aggressive feelings, or that it might even act as a buffer against the viewer's future aggressive feelings in other contexts. The point of similarity is that all three assume that there is a drive concept at its core. That is, they assume that there is some inherent motivation that causes tension to build, and that some action is therefore required to reduce the tension.
The aggression catharsis hypothesis (hereafter just discussed as the catharsis hypothesis) as it currently is discussed in public forums and some rare scientific papers argues that watching and role playing violence is cathartic-it allows us to vent some of the aggressive energy, leaving us emotionally calmed [23, 24] . With regard to media violence, the catharsis hypothesis has been and continues to be popular, despite at least four critical flaws problems with it as it pertains to aggression and media violence.
Flaw 1: Aggression Is Not a Drive
Most of Freud's writing relevant to catharsis is about therapeutic catharsis. The concept appears early in the work of Freud because it is a therapeutic technique developed by Freud's mentor, Joseph Breuer. Psychoanalysis, the psychological perspective that Freud is professed as the 'father' of, is based on the idea that the human mind is made of conscious and unconscious parts. If a trauma is experienced, an emotional reaction occurs. This begets a drive to reduce the negative emotions. If we are not able to express the emotions, it can result in neuroses or hysterical behavior.
The blurring or loss of an affect of memory depends on a great many factors. In the first place, it is of great consequence whether there was an energetic reaction to the affectful experience or not. By reaction we here understand a whole series of voluntary or involuntary reflexes, ranging from crying to an act of revenge, through which according to experience affects are discharged. If the success of this reaction is of sufficient strength, it results in the disappearance of a great part of the affect. Language attests to this fact of daily observation, in such expressions as "to give vent to one's feeling," to be "relieved by weeping," etc. If the reaction is suppressed, the affect remains united with the memory ( [25] , p. 5).
Discharge of emotion is therefore an integral part in dealing with a trauma in a healthy manner. They continue, however:
The reaction of an injured person to a trauma has really only then a perfect "cathartic" effect if it is expressed in an adequate reaction like revenge. But man finds a substitute for this action in speech through which help the affect can well-nigh be ab-reacted (abreagirt). In other cases talking in the form of deploring and giving vent to the torments of the secret (confession) is in itself an adequate reflex. If such reaction does not result through deeds, words, or in the most elementary case through weeping, the memory of the occurrence retains above all an affective accentuation ( [25] , p. 5).
Several aspects are important to note. Although Breuer and Freud do use the example of "an act of revenge" as a possible reaction, it is effective only for "the disappearance of a great part of the affect". They do not discuss future behaviors, and in fact, it seems unlikely that Freud would consider behaving aggressively to be healthy. Second, they reference non-aggressive actions such as daily language and giving vent via words, but the focus is specifically on the discharge of the emotion already experienced, not the reduction of a future behavior. Finally, note how the word catharsis is placed in quotation marks, suggesting that they intend it to be taken metaphorically. They are not suggesting that revenge is the path for catharsis, but instead focus on the therapeutic value of expressing strong emotions within the structured therapeutic setting.
The focus on therapeutic catharsis of emotion notwithstanding, Freud did seem to hint at aggression as a drive that needed venting. After World War I, Freud questioned how such horrors could come to pass. Based on his training in neurophysiology, Freud assumed that organisms constantly strive to reduce tension [26] . He reasoned that humans must have an instinctual aggression drive, which he titled "Thanatos". In his conception, Thanatos was a drive toward self-destruction, constantly in struggle with "Eros", a drive toward life.
Freud recognized the aggressive nature of mankind early in his career: "The very emphasis of the commandment Thou shalt not kill makes it certain that we spring from an endless ancestry of murderers, with whom the lust for killing in their blood, as possibly it is to this day with ourselves" ( [27] , p. 312). As Freud wrestled with the concept of an aggressive drive, he never labeled it 'hate' or 'aggression', but ended up redefining his concept of a drive: "It seems, then, that an instinct is an urge inherent in organic life to restore an earlier state of things" ( [28] , p. 43). From this, he deduced, "the aim of all life is death" ( [28] , p. 46). Despite this conclusion, Freud seemed somewhat uncomfortable with the concept of Thanatos, which he never actually named in writing. He would use the term death drive or destructive drive in writing, and only ever used the term Thanatos in conversation, thus symbolically never committing himself to this theory. Nonetheless, he was convinced that drives originate within the organism and can build until the drive energy is expended/reduced in some way [29] . The death drive is ultimately self-destructive, but because it is balanced against Eros or libido, it needs alternatives to satisfy it other than death. Freud posited two alternatives: displacement and catharsis. Displacement helps to explain why we aggress toward others. We displace, or redirect, our aggressive energies toward others rather than ourselves. His letter to Albert Einstein on the inevitability of war (1963; cited in [26] ) may have the clearest description:
"The death instinct turns into the destructive instinct if…it is directed outwards, on to objects. The living creature preserves its own life, so to say, by destroying an extraneous one….
[I]f these forces are turned to destruction in the external world, the living creature will be relieved and the effect must be beneficial. This would serve as biological justification for all the ugly and dangerous impulses against which we are struggling."
The second approach for reducing the death drive is through catharsis. That is, by viewing others' aggression, either in real life, sports, or through media depictions of violent action, the viewer will have his or her aggressive drive reduced vicariously and in a socially acceptable manner. A. A. Brill, who introduced Freudian psychoanalysis to the United States, for example, recommended (among other things) attending prize fights once a month to reduce the aggressive drive for optimal mental health [17] . Note that this approach includes one aspect of the standard media aggression catharsis hypothesis-it assumes that viewing someone else's aggression can drain the viewer of their aggressive drive.
This aggressive drive concept was further developed by ethologist, Konrad Lorenz, who studied the evolutionary bases for behaviors in several species. He described how complex social behaviors in species could be described by a surprisingly small number of instinctive drives [30] . He specifically argued that aggression is a drive that builds up (in humans as in other animals) and ultimately needs to be released. In fact, he argued that modern man's problem was that he didn't have sufficient opportunity to release it in a healthy way.
Knowledge of the fact that the aggression drive is a true, primarily species-preserving instinct enables us to recognize its full danger: it is the spontaneity of the instinct that makes it so dangerous. If it were merely a reaction to certain external factors, as many sociologists and psychologists maintain, the state of mankind would not be as perilous as it really is, for, in that case, the reaction-eliciting factors could be eliminated with some hope of success. It was Freud who first pointed out the essential spontaneity of instincts, though he recognized that of aggression rather late… ( [31] , pp. 49-50).
Another variant of what can be meant by catharsis came out of this drive-based approach-the idea that releasing one's aggression against a proxy can similarly reduce the aggressive drive pressure. That is, by punching a pillow (or playing a violent video game), for example, one will feel better and be less likely to aggress against the provocateur, as described by Lorenz:
A human example is furnished by the man who is very angry with someone and hits the table instead of the other man's jaw because inhibition prevents him from doing so, although his pent-up anger, like the pressure within a volcano, demands outlet ( [31] , p. 170).
If this concept of aggression being a drive were correct, then as Lorenz makes clear, aggression can be conceptualized by a hydraulic metaphor. The pressure to aggress builds and builds until it must be released, either by aggressing against the self or others. This assumption is so crucial to the concept of aggression catharsis that Feshbach noted, "Without a drive concept, a mechanism of catharsis would appear to have little meaning" ( [17] , p. 92).
Despite all this agreement, the data do not seem to fit Freud's and Lorenz's drive theory of aggression. Most people go their whole lives without ever engaging in violence, either toward others or themselves. Furthermore, when one compares aggression to other true biological drives, such as eating, drinking, and sleeping, it becomes evident that aggression is not similar. With a true drive, pressure builds to engage in an activity, and when we engage in that activity, the pressure is reduced (for a time). Under this hydraulic metaphor, if the pressure is not "vented" then the system explodes. True human drives do fit this model. If we do not eat, we get hungrier and hungrier; if we still do not eat, we die. If we do not drink, we get thirstier and thirstier; if we still do not drink, we die. Aggression does not fit this biological drive pattern. If we do not behave aggressively, we do not get more aggressive, nor do we die for lack of aggression. Therefore, if aggression is not a drive, then catharsis does not happen, or at the very least is a superfluous concept. If aggression is, as modern psychologists believe, a combination of learned, biological, and situational factors, the concept of catharsis does little to add to an understanding of the development of aggression.
Flaw 2: Modern media violence is not Aristotelian
The idea of catharsis as the "venting" of a drive isn't what the term meant when it was initially applied to media and media violence. The term catharsis (κάθαρσις) was discussed by Aristotle in the Poetics. The earlier Platonic view of music, plays, and poetry was that they held a dangerous power, because they could indulge the emotions. Because media often described acts of morally inferior people making unwise choices, and that viewers received pleasure from watching them, this could inculcate poor values (c.f., [32] , 424a-424e and 598b-608e).
"For they must beware of change to a strange form of music, taking it to be a danger to the whole..." "Yes," I said, "since it's considered to be a kind of play and to do no harm." "It doesn't do any either," he said, "except that, establishing itself bit by bit, it flows gently beneath the surface into the dispositions and practices, and from there it emerges bigger into men's contracts with one another…" ( [32] , p. 102).
Aristotle shared the Platonic goal of creating men of good character, but he disagreed that shielding people from poetry (which included music and plays, the mass media of his time) was a valuable method for achieving it. He agreed that poetry had powerful emotional effects, but did not feel that emotions were of low character or to be necessarily avoided. The emotional effects of media were a key point for him. In the Poetics, he includes catharsis in his definition of a tragedy:
A tragedy, then, is the imitation of an action that is serious and also, as having magnitude, complete in itself;
in language with pleasurable accessories, each kind brought in separately in the parts of the work; in a dramatic, not in a narrative form; with incidents arousing pity and fear, wherewith to accomplish its catharsis of such emotions ( [33] , 1449b).
It is unclear from this mention of catharsis that Aristotle really means something about the viewer [34, 35] . Because he seats catharsis within the definition of tragedy, and the Poetics is about literary critique, he may intend catharsis only to mean the pleasure that is received from having a play reach its appropriate conclusion. Dramatic tension is built up in and during the play, and catharsis is achieved for the story by reaching a resolution that feels satisfying. Given, however, that he references specific emotions being aroused, it is perhaps more likely that he does mean something about the viewer.
Assuming it is about the viewer, it is critical how one translates the word κάθαρσις. Traditionally, scholars have tried to find a direct and literal translation, and have used either purgation or purification. The purgation interpretation is rooted in medical usage of healing or curing the body and purification is an interpretation in a moral sense of cleansing the spirit.
Although most people tend to interpret Aristotelian catharsis as a purgation, this interpretation seems particularly awkward, especially in the light of his broader writings. What would it mean to purge emotions of fear or pity? He notes that these emotions need to be aroused by the play, which is the opposite of removing them (more will be said about these emotional requirements later). Aristotle was almost certainly not referring to merely eliminating particular emotions through tragedy. If his broader goal is to create moral and just people, then removing pity seems to be antithetical to that end. Translating catharsis as purification, in contrast, fits very well with Aristotle's goal to create men of good character. In this context, purification is part of the process of finding the middle between emotional extremes. This middle way, or mean, is a core foundational aspect of virtue to Aristotle. As he states in the Ethics:
[V]irtue must have the quality of aiming at the intermediate. I mean moral virtue; for it is this that is concerned with passions and actions, and in these there is excess, defect, and the intermediate. For instance, both fear and confidence and appetite and anger and pity and in general pleasure and pain may be felt both too much and too little, and in both cases not well; but to feel them at the right times, with reference to the We can now understand better what Aristotle means when he says a tragedy can "accomplish its catharsis of... emotions" ([33], 1449b) . By demonstrating the damage that unbridled emotions can have, viewers can learn about the dangers. By feeling extreme emotions that are aroused by the tragedy, it allows one to experience them in a third-person manner, such that the viewer will not act upon them and therefore act unvirtuously. This ability to feel the extremes and view the consequences acted out by an actor or poet allows the viewer to begin to find the mean between the extremes. 1 Assuming for now that Aristotle was accurate, he makes it clear that the story must be told in a very specific manner in order to help viewers find the middle path via catharsis, Four requirements are described below (although there are more):
(A) The plot must be constructed according to very specific rules:
"…the Plot must be not simple but complex; and further, that it must imitate actions arousing fear and pity…It follows, therefore, that there are three forms of Plot to be avoided. (1) A good man must not be seen passing from happiness to misery, or (2) a bad man from misery to happiness. The first situation is not fear-inspiring or piteous, but simply odious to us. The second is the most untragic that can be; it has no one of the requisites of Tragedy; it does not appeal to the human feeling in us, or to our pity, or to our fears. Nor, on the other hand, should (3) an extremely bad man be seen falling from happiness into misery. Such a story may arouse the human feeling in us, but it will not move us to either pity or fear; pity is occasioned by undeserved misfortune, and fear by that of one like ourselves….There remains, then, the intermediate kind of personage, a man not preeminently virtuous and just, whose misfortune, however, is brought upon him not by vice and depravity but by some error of judgment...The perfect Plot, accordingly, must have…the change in the hero's fortunes…from happiness to misery; and the cause of it must not lie in any depravity, but in some great error on his part" ( [33] , 1452b 30-1453a 16).
(B) For catharsis to occur, two critical emotions both must be aroused, fear and pity. Aristotle notes that these can be aroused by either Plot or Spectacle (e.g., special effects), but he also makes it clear that the feared action doesn't need to be seen. It can happen off stage. Furthermore, he states that Spectacle is less artistic and could be used just to "put before us that which is merely monstrous" ( [33] , 1453b 9) and not productive of fear and pity. (C) Beyond inducing fear and pity, however, he notes that it is critical how the "tragic pleasure" of fear and pity are aroused. The conflict should arise between friends (rather than among enemies or combatants) for it to be truly tragic and arouse the proper emotions. Furthermore, the conflict 1 In addition, it is possible that Aristotle also means something about the aesthetic experience of viewing a well-constructed play. For example, he calls the arousal of pity and fear the "tragic pleasure." Some authors have argued that catharsis may therefore be interpreted largely as an aesthetic response to the play itself or to the joy of learning from it [36, 37] .
should arise out of a mistake, not from any hostile intent. Aristotle notes that if the plot is not constructed carefully and correctly, it gets the wrong emotional responses, such as shock and revulsion [38] . (D) Fourth, the characters must be of a certain type to get the right kind of response for achieving catharsis.
"In the Characters there are four points to aim at. First and foremost, that they shall be good…what a personage says or does reveals a certain moral purpose; and a good element of character, if the purpose so revealed is good….The second point is to make them appropriate. The Character before us may be, say, manly; but it is not appropriate in a female Character to be manly, or clever. The third is to make them like the reality….The fourth is to make them consistent and the same throughout; even if inconsistency be part of the man before one for imitation as presenting that form of character, he should still be consistently inconsistent….The right thing, however, is in the Characters just as in the incidents of the play to endeavor always after the necessary or the probable….Tragedy is an imitation of personages better than the ordinary man…" ( [33] , 1454a 15-1454b 9).
Therefore, to arouse fear and pity, the characters must be noble, good, appropriate, realistic, and consistent. The importance of this can be seen when we revisit Aristotle's broader theory of emotions. Aristotle felt that emotions were important in making correct decisions and in forming a good character. As quoted above from the Ethics, he makes it clear that it is important to learn to feel the correct emotion the correct amount at the correct time toward the correct object [38] . Furthermore, it is important to feel the emotions lightly. If one feels them too strongly, we will make inappropriate decisions, which will injure our character. For example, the person who feels too much fear is a coward and the person who feels too little is foolhardy.
One of the main factors in building good character is to develop the settled disposition to feel emotion correctly [38] . We become good by habitually doing good, so by feeling emotions correctly (the mean between the extremes), we make correct decisions, and do the right things. In the Ethics, Aristotle notes that finding the mean between the extremes is difficult, and is grasped by perception, not by reasoning. For this reason, plays and poetry have an ability to help viewers perceive the feelings and their meaning in a way that rational cognition cannot.
To Aristotle, poetry (including music, speeches, and plays) has the educative function to form good character. By representing pitiable and terrifying events, tragedy arouses pity and fear, giving these emotions harmless exercise, helping the viewer learn how to find the mean in their emotional responses, and thus become more virtuous in their characters. With this relief comes the cathartic pleasure.
Aristotle also suggested that catharsis can be achieved through comedy (although his book on comedy has been lost). What we do know from his extant writings is that for it to work, comedy needs to be based on the ridiculous, which he defined as a kind of error neither painful nor destructive. If injuries are sustained (physical, emotional, or psychological), the injuries must have been done in ignorance, without harmful intent. Returning to the translational issue of purgation versus purification, it makes little sense to say that comedy purges us of pleasure or humor. It seems much more likely that he means one could purify the extremes of passions (emotions) and actions by witnessing absurdities.
If we take this analysis as the starting point for understanding catharsis, it is clear that modern media violence could not achieve the catharsis of aggression. Aristotle repeatedly notes that catharsis requires feelings of fear and pity. Considering violent action/adventure movies from an Aristotelian perspective, there is certainly much Spectacle and its attendant fear response, but there is usually no pity aroused. Instead, most violent media arouse fear and revenge motivations, or fear and anger. The "bad guy" does something bad, the "good guy" fights with him, and ultimately wins. We do not pity either character, although we may feel fear or shock. If we consider violent video games, the player is rewarded for committing the violence, and feelings of anger, hostility, and enjoyment are aroused. Thus, modern media violence is not designed in the ways necessary to produce the cathartic emotions.
Arousing fear and pity alone, however, is not sufficient-they must be aroused by an undeserved misfortune to a noble person. In most action/adventure movies, the "bad guy" is shown to deserve what he gets, and the "good guy" usually isn't the person who has the tragic thing happen to him. Furthermore, the tragic thing is supposed to be created by the hero's error, not by any depravity. In most action/adventure movies and almost all horror films, the horrible actions are caused by a depraved individual. Furthermore, the tragic occurrence is supposed to happen between friends or family members, who do not intend any harm, but have harm occur through error. Aristotle clearly states that the plot must be constructed thus if catharsis is to be achieved-the injuries must come from accidents or errors, and be between friends. If bad things happen to the bad guy, that's justice, which produces a positive feeling rather than fear and pity.
Note also that in most of today's comedy shows, much of what passes for funny are people being sarcastic or hitting each other, rather than being mistakes "not productive of pain or harm to others". ( [33] , 1449a [35] [36] . In violent video games, the plot usually tends to justify the violent actions. When the plot does not justify the actions (c.f., the Grand Theft Auto game series), the motivations for violence tend to be due to what Aristotle would consider depravity, or at least are not out of error while trying to achieve moral good.
In summary, although Aristotle was indeed discussing catharsis occurring from viewing media (including both violent and humorous media), modern media violence does not follow the rules necessary for catharsis to occur. They do not follow the correct Plots nor do they engage the correct emotions to achieve catharsis. It should also be noted, however, that the likely accurate Aristotelian definition of catharsis as purification is not what is usually meant by the modern aggression catharsis hypothesis, which assumes that viewing violence purges the viewer of aggression (as in the hydraulic metaphor discussed earlier). Therefore, Aristotle did not mean catharsis as a reduction in aggressive feelings or behaviors, and even if he had, modern media violence are not constructed in the way to achieve it.
Flaw 3: Lack of Empirical Evidence for Catharsis
If the aggression catharsis hypothesis were valid, we should be able to find reliable, robust, and replicable scientific evidence that it occurs as predicted. Unfortunately, this is not the case. The third critical flaw with the catharsis hypothesis is that there is almost no scientific evidence for it, whereas there is a great deal of scientific evidence for the opposite hypothesis. There have been hundreds of studies of media violence-most of which could be interpreted as studies of catharsis. As noted earlier, meta-analyses consistently show significant effects of media violence exposure on increased aggressive thoughts, feelings, and behaviors. If catharsis occurred even some amount of the time after viewing media violence, then we would not expect the meta-analyses to be so consistent. We do not mean to say that there cannot be benefits from playing violent video games or watching violent media. Several studies, for example, have found striking improvements in visual perception skills after playing violent games [39] [40] [41] [42] . In addition, the American military use violent video games as training tools for soldiers [43] . Some studies have found little effect of playing violent games on aggressive behavior [44] . Nonetheless, studies with null results are included in meta-analyses, and still the meta-analytic consensus is that hundreds of studies demonstrate that people become more aggressive after consuming media violence, not less.
Because this area has been studied in such detail for over 50 years now, we know a great deal about how media violence can influence the risk of later aggressive behaviors. It is outside of the scope of this article to describe the multiple mechanisms, but several excellent reviews exist [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] . In short, the majority of theoretical and empirical work has documented that the reason media violence can increase aggression is because humans learn. We can learn simply from watching someone else behave, including seeing whether they are rewarded or punished for their behavior [57] . As we watch more examples of aggressive thinking, feeling, and behaving, we extract scripts and gain expectations about how people interact [7] . We become desensitized, and feel that aggression is more acceptable [53, 58] . Then once we are provoked, we are more willing to respond in an aggressive manner. This set of theories and findings have been well-tested and verified in these hundreds of studies, yet they continue to often be misunderstood by a common reductive error-that they suggest a mechanistic view. It is not the case that media violence researchers believe that viewing media violence necessarily causes aggressive behaviors. Instead, most understand the multi-causal nature of aggression, where media violence is simply one of about 100 known risk factors for aggression [59] . When it is present, the odds of responding aggressively to a provocation increase in a predictable way, and when it is removed, the odds of aggression decrease in a predictable way.
In addition to studies of media violence, there have been several studies specifically designed to test whether aggressive behavior reduces or increases later aggression. As early as 1973, Albert Bandura had already summarized the research and called for a moratorium on catharsis theory. In their seminal review of the catharsis hypothesis, Geen & Quanty [26] demonstrated that, at best, aggression may produce decreased physiological arousal under specific conditions. But even when physiological arousal decreases after aggression, later aggressive behavior does not. Although there were a handful of studies that suggested behavioral catharsis may occur, these studies had methodological problems and are open to other interpretations. When the studies were replicated with appropriate controls, the results tended to be the opposite-that aggressive behavior leads to increased aggressive behavior. After reviewing all the evidence, they stated, "...therefore, we must conclude that the notion of catharsis has not been confirmed…" ( [26] , p. 33).
Although researchers have continued to try to find new ways to test the catharsis hypothesis, the newer research has continued to demonstrate a lack of support for it. For example, Bushman and his colleagues have conducted several studies designed specifically to find catharsis [60] [61] [62] [63] . In one pair of studies, they tested how people respond to information about the catharsis hypothesis [62] . In Study 1, participants were randomly assigned to read one of three fake newspaper articles, one reporting on a study saying that venting anger is effective, one reporting a study saying venting anger is pointless, or a neutral article. The participants were further randomly assigned to be praised or insulted. After being praised or insulted, they rated how much they wanted to do each of 10 activities, such as watching a comedy or hitting a punching bag. The pro-catharsis article increased desire to hit the punching bag, and angering the participants increased the effect. In one respect, there is no surprise here-the media telling you that catharsis is good makes you want to seek it out, especially when you feel angry. In a second study, participants were randomly assigned to read one of the three newspaper articles again, and then a confederate insulted and angered all of the research participants. Half were then given an opportunity to punch a punching bag for 2 minutes or sat and did nothing for 2 minutes. Participants were then given a chance to hurt the student who had angered them. Contrary to the catharsis hypothesis, those who punched the punching bag showed higher aggression to the confederate than participants who did not use the punching bag. The participants, however, reported pleasure at hitting the bag. In fact, those who reported the greatest enjoyment at hitting the bag also were the most aggressive toward the confederate later. Furthermore, if participants had read the pro-catharsis article, they were more aggressive toward the confederate. The authors concluded that the "results contradict any suggestion that hitting the punching bag would have beneficial effects because one might feel better after doing so (which is what advocates of catharsis often say)….People did indeed enjoy hitting the punching bag, but this was related to more rather than less subsequent aggression toward a person… hitting a punching bag…increases rather than decreases subsequent aggression" ( [62] , pp. 372-373).
A good skeptic, however, might argue that hitting the punching bag and sitting quietly are not equivalent. Perhaps hitting the bag increases physiological arousal, which is also known to increase the risk of aggressive behavior. In a separate study, participants again were insulted and angered, and then randomly assigned to either (a) sit quietly, (b) hit a punching bag while thinking about getting physically fit, or (c) hit a punching bag while thinking about the student who had insulted them. Participants were then given an opportunity to hurt the student who had insulted them. If they sat doing nothing, they calmed down and were the least aggressive. If they ruminated on the offense while hitting the punching bag, they were the most aggressive. If they hit the bag but thought about fitness, they were in-between the other two conditions [60] . Thus, although the physiological arousal from exercise may have increased aggressive responding relative to sitting quietly, trying to get anger out by punching the bag while thinking about being angry again increased rather than decreased subsequent aggressive behaviors.
Two aspects seem fairly clear from the empirical work on catharsis. First, when people believe in it, it does influence their choices and behaviors. This is seen in at least two different ways. When presented with the argument that venting aggression is a good way to reduce aggression, people believe it and seek out ways to do it. For example, in a study similar to those reported above, participants were randomly assigned to read a fake newspaper article that either refuted the catharsis hypothesis, supported it, or was unrelated to it, and then all were insulted and angered. After being angered, they read descriptions of eight video games and rated how much they wanted to play them. Angered participants who read the pro-catharsis argument wanted to play the violent video games the most [64] . In a second study, rather than manipulating belief in catharsis using the newspaper article, they measured pre-existing belief in catharsis, and then insulted half of the participants. People with a stronger belief in catharsis had a stronger desire to play the violent video games overall, but the effect was especially pronounced for people who believe in catharsis and who had also been angered. Even critics of the media violence literature find similar results, that people who have greater belief in catharsis also have greater preference for violent video games [65] . Other studies have confirmed that people who believe in catharsis do sometimes aggress against others in an attempt to improve their mood [61] .
The second major empirical finding is that media violence is not cathartic, in the sense of reducing the risk of aggression. If it were, then the relation between media violence exposure and aggressive thoughts, feelings, and behaviors would be the opposite of what has been found in studies conducted over the past 50 years. For example, after being randomly assigned to play a violent or non-violent video game, people could behave less aggressively after playing the violent game. The preponderance of the evidence, however, shows the opposite pattern-people are more likely to behave more aggressively [52, [66] [67] [68] [69] .
Geen [70] summarized the aggression catharsis literature in several areas: symbolic catharsis, such as viewing violence in the media or viewing aggressive sports, fantasizing about aggression, aggressing against inanimate objects, and aggressing against the antagonist. In every case, the weight of empirical evidence is against the theory of behavioral catharsis. That is, viewing, thinking about, or performing aggressive acts tends to increase later aggressive behavior, not reduce it.
Flaw 4: The Brain Becomes What the Brain Does
It is perhaps ironic that although the early psychological belief in catharsis comes from biological theories, the most devastating flaw in the catharsis hypothesis comes from modern biological neuroscience. Although this is no place for a detailed description of neural network development, it is clear from what we know about the brain that the aggression catharsis hypothesis cannot be true. Neurons communicate with each other by releasing neurotransmitters into the synapses, and the neurotransmitters bind to receptors in the receiving neurons. Learning is the process of making particular neural pathways work more readily than they did before. This is typically accomplished by increasing the strength of synaptic communication, rather than by creating new neurons or new connections. Synaptic communication is usually increased by (1) upregulation of neurotransmitters by the presynaptic neuron; that is, increasing the amount of neurotransmitter released into the synapse; by (2) upregulation of receptors by the postsynaptic neuron; that is, increasing the amount of receptors on the receiving neurons, or by (3) making the receptors on the postsynaptic neuron more responsive. Learning, at the neural level, can be shown in the process of long-term potentiation (LTP). When a neuron is stimulated, it has an electrical response, which can be measured and is depicted in Figure 1 .
When the neuron is stimulated (for example, if one hears the word "arrow"), it shows an electrical response of a certain magnitude (represented as the height/amplitude of the wave in Figure 1A) . If the neuron is stimulated the same way repeatedly as shown in Figure 1B (e.g., hearing "arrow, arrow, arrow, arrow, arrow, arrow"), it has that response repeatedly. This repeated stimulation causes long-term changes in the neuron (generally considered to be permanent, although forgetting does occur), in which the next time the neuron is stimulated, it will now have a much greater response. As shown in Figure 1C , upon hearing the word "arrow" again, the amplitude of the response has now significantly changed. This can happen even if there is a substantial time delay between points B and C (up to weeks). The neuron is now much more likely to respond than it used to. The odds that a given stimulus ("arrow") will cause an action potential have changed long-term. Simply put, learning has occurred. This makes a great deal of intuitive sense when we consider one common way to remember a telephone number. We read it or repeat it several times. After seeing it enough times, we no longer need to continue-we have learned it. As Donald Hebb is often quoted as stating in 1949, "the neurons that fire together, wire together". 2 Each additional repetition of seeing something burns it deeper into the brain. If the aggression catharsis hypothesis were true, seeing the telephone number one more time should make us less likely to remember it-it should take it away from us. But in fact, repeating experiences is one of the most effective ways to learn something. It turns out your grandmother was a great neuroscientist… practice does make perfect! Therefore, if one plays a violent video game in which one practices aggressive thoughts, feelings, and responses, it cannot lead to lowered aggressive thoughts, feelings, or responses over the long term. Interestingly, even Aristotle knew this, as he realized that we become good by practicing being good.
" [S] tates of character arise out of like activities. This is why the activities we exhibit must be of a certain kind; it is because the states of character correspond to the difference between these. It makes no small difference, then, whether we form habits of one kind or of another from our very youth; it makes a very great difference, or rather all the difference." ( [33] , 1103b [21] [22] [23] [24] [25] [26] .
There is beginning to be some research demonstrating that many of the same regions of the brain are active whether the learning is occurring by doing or by watching someone else. In one fMRI study, for example, participants had to learn to choose which of two abstract fractal stimuli would give a reward 80% of the time. They did this through repeated trials, and either getting rewarded or punished 2 In fact, what he really postulated was: "When an axon of cell A is near enough to excite a cell B and repeatedly or persistently takes part in firing it, some growth process or metabolic change takes place in one or both cells such that A's efficiency, as one of the cells firing B, is increased." ( [71] , p. 62).
after each trial. In other conditions, they could also learn from seeing someone else on a TV screen make similar decisions and the outcomes of those decisions. Brain regions active in learning occurred in both cases, with the authors concluding, "it is evolutionarily efficient for general learning mechanisms to be conserved across individual and vicarious" learning ( [72] , p. 14435). Similarly, an fMRI study comparing personal trial-and-error learning with learning by observing others also found that many of the same brain regions were activated during both types of learning [73] . These types of studies are further evidence that watching someone else behave aggressively in the media will not reduce learning. Instead, it demonstrates that we can learn very well just by watching a violent movie or by playing a violent video game.
One implication is that the consequences of violence shown in the media matter. There is nothing inherently wrong with witnessing an act of violence in the media, if what is learned is how horrible and damaging it is to both the victim and the aggressor. Unfortunately, only 3% of American television shows have an anti-violence theme [74] , and most violence shown in the media is not punished, and much of it (especially in video games) is rewarded [75, 76] .
In addition, the timing of repetition can matter greatly for learning. Studies on neural change demonstrate what most teachers have known for decades-"cramming" does not work as well as practicing some each day. For example, in studies of sea slugs (who have large neurons, making them easier to study), a single session of 10 learning trials leads to a short-term memory lasting for several minutes. If this is repeated four times at intervals across hours or days, then a long-term memory is produced that lasts weeks [77] . Massed practice at one time produces robust short-term memory, but distributed practice is better for long-term memory. If we consider media violence, seeing something only once will cause some short-term learning effects and may cause some long-term learning, but not nearly as well as if it is seen repeatedly at spaced intervals. Thus, playing a violent game repeatedly cannot reduce learning of aggressive ways of thinking, feeling, and behaving. Furthermore, when people practice similar but not identical things, this helps learning to generalize to novel situations [56] . Because people tend to watch more than one violent show, movie, or game, from a learning perspective, this can only help to teach the common underlying message that aggression is acceptable in a way that is most likely to transfer to the "real" world.
Why Does the Catharsis Hypothesis Continue to Seem Possible?
Given the lack of evidence for catharsis and the considerable weight of evidence against it, it may be surprising that it is still such a popular concept. It seems likely to be a popular concept for a couple of reasons. First, given that people enjoy watching media violence, admitting that it might be risky or harmful would likely cause a great amount of cognitive dissonance. It is easier to dismiss the possibility of harm than it is to modify our habits. Second, it seems to fit our phenomenological experience.
As noted by Bushman et al. [62] , when angered, behaving aggressively feels pleasurable. This may be misinterpreted by people to suggest that they would behave less aggressively, when in fact aggressive behavior is more likely (perhaps partly because we believe we will feel better afterwards). In addition, viewing media violence or playing a violent video game can indeed provide short-term enjoyment or distraction from a difficult situation. In this sense, then, media violence can reduce the immediate risk of aggression, because if I leave a frustrating situation and go home to play a violent video game, I am using the media to help cope with my difficult feelings at that moment. Using media as a distraction or coping technique is not, however, the same thing as reducing my tendency to respond aggressively (the catharsis hypothesis). It is removing myself from the situation, which could equally be done by going for lunch. "Releasing" the aggression by practicing aggressive scripts while consuming media violence does not lower later odds of aggression when provoked.
This demonstrates two important differences between the historical and therapeutic meanings of catharsis and the modern meaning of aggression catharsis through media violence. Freud, Aristotle, Lorenz, Feshbach, etc. discuss catharsis as being primarily about emotion, not behavior. In Aristotle's view, provoking fear and pity can help us to balance our own emotions. In Freud's view, if we can release our emotions, it will reduce our mental distress and hysteria. In Lorenz's view, when provoked, we have this emotional energy that needs release. For these writers the primary focus is on our release and understanding of emotion. In contrast, people who claim that watching media violence will reduce their aggressive behavior are focused almost entirely on behaviors. Therefore, even if Freud was correct that releasing pent-up emotion is good for mental health (and this seems generally true), he didn't say that it means one won't behave aggressively.
A second difference between the original conceptions and the media violence and aggression catharsis hypothesis is about timing. The original conceptions largely focus on what to do with aggressive feelings that one is having right now. For example, the frustration-aggression hypothesis describes that when angered, doing something aggressive (e.g., yelling at someone) can reduce the aggressive feelings one is currently having. In contrast, the typical argument about media violence catharsis is that by playing a violent video game now, it will reduce my aggressiveness at some point in the future. As demonstrated above in the discussion of empirical evidence, this does not seem to happen. Furthermore, the belief that consuming media violence reduces aggression itself may amplify the effect of media violence. For example, in a study of 607 8th and 9th grade American students, those who played more violent video games had higher hostile attribution biases, higher hostile personalities, and got in more physical fights [78] . We noticed, but never previously published this additional finding: Students who reported that they play video games to release their anger are significantly more likely to get into physical fights, even after controlling for age, sex, personality trait hostility, hostile attribution bias, and amount of violent video games played (β = 0.12, p < 0.05). Therefore, the belief that one can achieve lower aggression through media violence more likely puts one at greater risk for aggression.
Another reason the belief persists is that it feels right-specifically because of how the body reacts to media violence. For example, people often say they get an "adrenaline rush" when they play violent video games. They are exactly correct. There is evidence that violent video games result in increased physiological arousal, including increased heart rate, blood pressure, and release of glucocorticoids and catecholamines (adrenaline, nor-adrenaline, cortisol, and testosterone) into the blood stream. These are aspects of the physiological "fight or flight" system. That is, even though you know it's "just" a game, your body reacts as if you were in a real fight. This is part of why media violence is so exciting and fun to watch-it makes us feel alive and excited. The problem is that this stress response is an acute response system, not a chronic system. It is designed to turn on when you are being chased by the tiger so that you can fight stronger, run faster, and bleed less. However, after about five or ten minutes, you should have either gotten away or gotten killed. The stress response was not designed to stay active for hours, but when playing a violent video game, it can. Once we stop playing, however, our bodies are exhausted and need to rest. This feeling tired or "spent" makes us feel like we are now relaxed and we likely interpret that to mean that catharsis has occurred and that we would act less aggressively. In fact, all it means is that our bodies are tired of the stress we have put on them from playing a violent game that increases heart rate, blood pressure, and stress hormone levels. If someone provoked us right after playing, the research shows, we would be more likely to have an aggressive response rather than less likely, despite feeling as though we are relaxed. This is due to having spent hours priming aggressive thoughts, feelings, and attitudes, and (often) having them reinforced by the game.
Conclusions
Although the aggression catharsis hypothesis has great appeal and popular support, the evidence suggests that it is not a valid concept in psychology: (1) Aggression is not a drive that must be vented, so the underlying Freudian assumption is incorrect. (2) Even if we accept that Aristotle meant something about purging negative emotions through viewing media violence, modern media violence is not constructed in the way he said is necessary to achieve catharsis. Furthermore, purification is likely a much more correct way of translating κάθαρσις than is purgation, so even if Aristotle was entirely correct, viewing media violence would not reduce aggressive feelings but instead should teach us the dangers of acting on them (assuming the media portrayed it correctly and did not glamorize the violence). (3) In the hundreds of studies of media violence, catharsis has not been shown to work-rather the opposite has been demonstrated repeatedly. Furthermore, studies specifically designed to demonstrate catharsis have also failed to support it. (4) Finally, given the way the brain works, catharsis does not even make sense. We do not become less likely to learn something by practicing it, reading it, or seeing it one more time. Every repetition increases learning.
